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Abstract: This paper presents the results of a survey carried out in the period 2009-2010 among 77 firms in 
the Italian metal sector. The study aims at: a) measuring how much Information and Communication 
Technology (ICT) is diffused in such sector; b) collecting and analysing managers’ judgement on ICT 
outcomes; c) inferring managers’ attitude towards ICT starting from the information collected through the 
survey. A lifecycle model of ICT is also defined and a cluster analysis of the sample firms is performed to 
position them in the model. 

Our results show that only Enterprise Resource Planning (ERP) and Cost Accounting (CA) systems are 
commonly diffused in the Italian metal industry, whereas Business Intelligence (BI), Customer Relationship 
Management (CRM) and Workflow Management (WM) systems are the least used. Not surprisingly, results 
also show a growing diffusion of ICT ranging from SMEs to large-sized companies. Anyway, both managers’ 
judgements on ICT potential to improve their decision-making and satisfaction with using ICT are medium-
high, although there is a fairly low tendency for metal companies to invest in such technology. 
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1. Introduction and motivations 

Information and Communication Technology (ICT) aims 
at supporting operations, management and decision-
making in firms and at facilitating supply chain co-
operation by collecting, elaborating and transmitting 
information. Through ICT implementation, a company 
can: 

1. automate activities, e.g. by using barcodes for 
stock management; 

2. computerise activities, e.g. by using a production 
planning and control software; 

3. carry out activities in a more effective way, e.g. 
by enabling key customers to manage their own 
orders; 

4. enhance its intangible assets, e.g. by formalizing 
bills of materials, production cycles or indirect 
cost allocation rules. 

Thus, ICT creates value for a company and improves its 
effectiveness. Several studies confirm that companies with 
superior ICT capability outperform their competitors 
(Bharadwaj, 2000; Santhanam and Hartono, 2003), 
proving that ICT implementation has a positive effect on 
firms performance (Byrd and Davidson, 2003; Real et al., 
2006) and on business value (Radhakrishnan et al., 2008). 

Also, ICT implementation helps to increase supply chain 
integration and performance (Li et al., 2009; Wu et al., 
2006), which results in higher supply chain agility and 
competitiveness (Rosenzweig, 2009; Swafford et al., 2008). 

To ensure an effective ICT implementation, companies 
need to adopt a multi-focused business strategy (Law and 
Ngai, 2007; Tallon, 2007) and to take into account 
information and organisational as well as technological 
issues (Levy and Powell, 2000). 

Another key to a successful ICT implementation is to 
carefully consider environmental conditions, such as 
industry concentration, dynamism and complexity, before 
investing in ICT (Dale Stoel and Muhanna, 2009; Melville 
et al., 2007). 

Although ICT has a positive impact on firms 
performance, many companies are limited in adopting 
such technology, mainly because of: 

• difficulties in evaluating ICT benefits; 

• cultural problems in understanding ICT value for 
the company; 

• failures during or after ICT implementation, due 
to ineffective project management or unfitting 
functionalities of the information system. 



This is particularly true of SMEs, which often don’t have 
enough workforce, knowledge and/or financial resources 
for ICT implementation. Several studies confirm that 
firms dimension is a major contributory factor to the 
extent of adoption and exploitation of ICT (Fabiani et al., 
2005; Shiels et al., 2003). 

Firms in the Italian metal sector increasingly look at the 
adoption of ICT as a means for supporting their business 
processes and for increasing their competitiveness. 
Nevertheless most of Italian metal companies are SMEs 
and meet with obstacles to ICT implementation. 

Thus, we investigate current ICT diffusion in such sector 
by carrying out a survey among Italian metal companies. 
The study aims at: 

a) measuring how much ICT is diffused in the 
Italian metal industry; 

b) collecting and analysing managers’ judgements 
on ICT outcomes; 

c) inferring managers’ attitude towards ICT starting 
from the information collected through the 
survey. 

This paper presents the main findings of this study and is 
organised as follows: our research methodology is 
described in Section 2; information about the sample is 
presented and briefly discussed in Section 3; Sections 4-6 
deal with survey results and findings; at last, conclusions 
are discussed in Section 7. 

2. Research methodology 

Our research is carried out through a survey among Italian 
metal companies. Questions are organised into four 
sections, called “Context”, “Activities and Technology”, 
“Firm Information system”, and “ICT penetration in the 
firm” respectively. 

The first two sections aim at collecting general 
information about respondents and firms, such as 
respondents’ qualifying information, firms core business, 
firms size (i.e. number of employees), firms turnover, etc. 

In the third section of the questionnaire, respondents are 
asked to judge their companies’ information systems. 
Separate judgements are requested on each one of the 
four levels characterising the implementation of a generic 
information system. These levels refer to (Perona, 2007): 

1. operations automation, i.e. automated collection 
and transmission of data and documents 
generated by a company; 

2. operational results control and reporting, i.e. 
utilisation of data and documents in order to 
measure and control a company’s performances; 

3. decision support, i.e. utilisation of data and 
documents in order to support a company’s 
management decisions; 

4. supply chain co-operation, i.e. informative 
integration among a company and its customers 
and/or suppliers. 

For each one of these implementation levels, three 
different aspects are considered: 

• information systems potential to improve 
respondents’ decision making; 

• respondents’ satisfaction with information 
systems; 

• planned investments in ICT by respondents’ 
companies. 

So, 12 separate judgements are asked: each one of them 
consists of a rate in a scale of 1 to 4, where 1 is the lowest 
and 4 is the highest. To analyse respondents’ judgements, 
histograms are used. 

The last section of the questionnaire aims at measuring 
how much ICT is diffused and utilised in the sample 
firms. Thus, respondents are asked to tell how advanced is 
the implementation state of such technology, choosing 
from the following options: 

• “unavailable”: ICT is not currently installed and 
cannot be used by the personnel; 

• “in progress”: ICT is being installed but it’s not 
fully available to the personnel; 

• “installed”: ICT is currently installed and it’s fully 
available to the personnel. 

Separate judgements are asked on eight information 
systems functionalities: 

1. Enterprise Resource Planning (ERP) system; 

2. Cost Accounting (CA) system; 

3. Manufacturing Execution System (MES); 

4. Budgeting system; 

5. Advanced Planning and Scheduling (APS) 
system; 

6. Business Intelligence (BI) system; 

7. Customer Relationship Management (CRM) 
system; 

8. Workflow Management (WM) system. 

To measure degree of penetration of ICT into firms, a 
score in a range of 1 to 5, where 1 indicates a completely 
unavailable system and 5 denotes a fully installed system, 
is assigned to each one of these systems. This analysis is 
performed through histograms. 

To infer managers’ interest in ICT, we define two indices: 

• percentage of installed system (IP), equal to the 
ratio of systems installed to the sample firms: 

firmsofno.
 installedsystems of no.

IP =  (1) 

• percentage of implementations in progress (PP), 
equal to the ratio of implementations in progress 
to systems not currently installed: 



lednot instal systems of no.
progress  inations implementof no.

PP =  (2) 

Through a cross-analysis between these parameters, the 
eight information systems functionalities are placed in a 2-
by-2 matrix, whose elements represent different degrees 
of interest towards ICT. 

Finally, the sample firms are placed in a lifecycle model of 
ICT. In doing that, firms are divided into four clusters by 
considering ICT penetration into firms and managers’ 
judgement on their companies’ planned investments in 
ICT. A 2-by-2 matrix, whose elements represent different 
phases of the lifecycle of ICT, is constructed by crossing 
these parameters. The four clusters are then placed into 
this matrix by considering their average scores. 

As a complementary analysis, we infer managers’ attitude 
towards ICT by considering both their trust and 
satisfaction with such technology. A 2-by-2 matrix, whose 
elements represent different attitudes towards ICT, is 
constructed by crossing these parameters and the four 
clusters are placed into such matrix. 

3. The sample 

Information about 77 Italian metal firms is collected 
through the survey. To prove that such information is 
statistically significant, a comparison between the sample 
and a reference Italian metal sector, consisting of 698 
selected firms, is performed. 

The sample and the reference Italian metal sector are 
compared by considering the statistical distribution of 
firms by size, location and yearly turnover per employee 
and per geographical region. Figure 1 shows the results of 
such analysis. 

Figure 1. Comparison between the survey sample and the 
Italian metal sector 

Results show that firms are equally divided among small 
(less than 50 employees), medium (more than 50 and less 
than 250 employees) and large-sized (more than 250 
employees). Also, both the sample and the reference 
Italian metal sector show a notable concentration of firms 
in the range from 0 to 500,000 €/year per employee. 
However, the sample firms are mainly located in 

Lombardy, whereas firms in the statistical universe are 
more homogeneously distributed among Lombardy, 
North-Eastern Italy (i.e. Trentino-Alto Adige, Veneto and 
Friuli-Venezia Giulia) and the rest of Italy. 

In conclusion, since there are minor differences between 
the sample and the reference Italian metal sector, the 
results discussed in this paper can be considered 
statistically significant. 

4. Diffusion of ICT in the metal sector 

The first aim of our survey is to investigate how much 
ICT is diffused in the Italian metal sector. Figure 2 shows 
the share of installed systems, in progress implementation 
projects and unavailable systems for each one of the eight 
information systems functionalities described at Section 2. 

ERP and CA systems are installed in more than 80% and 
70% of firms respectively and are the most diffused ICT 
in the sample. MES, Budgeting and APS systems are 
installed in almost 60% of firms and, therefore, are quite 
diffused in the sample. BI, CRM and WM systems are the 
least diffused ICT, since they are installed in less than 45% 
of firms. 

Although ERP and CA systems are the most diffused, 
almost 15% of firms have not adopted these systems yet. 
Another result is that, except for ERP systems, the rate of 
implementations in progress is very similar among all 
information systems functionalities and ranges from 10% 
to almost 20%. 

 
Figure 2. Diffusion of ICT among the sample 

We also try to infer respondents’ interest in each of the 
eight information systems functionalities considered. By 
crossing IP and PP indices [see (1) and (2)], we obtain a 2-
by-2 matrix, consisting of the following quadrants: 

1. “continuous interest”, characterised by high 
values of both IP and PP; 

2. “recent interest”, characterised by a low IP and a 
high PP; 

3. “past interest”, characterised by a high IP and a 
low PP; 

4. “low interest”, characterised by low values of 
both IP and PP. 

Figure 3 shows the results of such analysis. 



 
Figure 3. Interest in ICT among the sample 

Five functionalities, namely the ERP, CA, budgeting, 
MES and APS systems, are in the “continuous interest” 
quadrant, showing a stable interest of managers in these 
functionalities. Three functionalities, namely the BI, CRM 
and WM systems, are in the “low interest” quadrant: 
therefore the respondents are not attaching much 
importance to these functionalities yet. At last, none of 
the considered functionalities is in the “recent interest” or 
in the “past interest” quadrant. 

These analyses are also stratified according to firms size, 
confirming that both ICT diffusion and managers’ interest 
in ICT increase ranging from SMEs to large-sized 
companies. 

5. Managers’ judgements on ICT 

Another aim of our survey is to collect and analyse 
managers’ judgements on ICT outcomes (see Figure 4). 

 
Figure 4. Managers’ judgements on ICT (full-scale: 4) 

It’s evident that respondents’ judgements worsen ranging 
from the first to the last implementation level, i.e. from 
operations automation to supply chain co-operation. 
Furthermore, judgements worsen considering ICT 
potential benefits, satisfaction with ICT and planned 
investments in ICT respectively. 

This means that the sample heavily rely on ICT, although 
managers are not fully satisfied with results achieved 
through such technology. Planned investments in ICT 
don’t fully reflect both managers’ reliance on ICT and 
satisfaction with this technology. 

Not surprisingly, supply chain co-operation is not given as 
much credit as operations automation, operational results 
control and reporting and decision support, since metal 
companies are usually more interested in improving 
internal efficiency than integrating supply chain. 

Finally, results show that potential benefits decrease when 
passing from operational results control and reporting to 
decision support to operations automation respectively, 
which means that managers are more interested in 
analysing and controlling their firms’ performance than 
collecting data and documents necessary to do that. 

Further stratifications of this analysis are made according 
to firms core business, respondents’ department and firms 
size. These stratifications confirm the results shown in 
Figure 4. They also prove that respondents’ judgements 
increase ranging from SMEs to large-sized firms, 
confirming that the larger is a company, the greater are its 
information needs and personnel’s sensitivity to ICT. 

6. Managers’ attitude towards ICT 

The last aim of our survey is to infer managers’ attitude 
towards ICT starting from the information collected 
through the questionnaire. 

We perform a cluster analysis of the sample: companies 
are grouped into clusters according to their attitude 
towards ICT (i.e. companies with a similar attitude are 
included in the same cluster). ICT penetration into firms 
and managers’ judgement on their companies’ planned 
investments in ICT (see Sections 4-5 for more details) are 
adopted as clustering criteria. 

Such analysis is performed through the K-means 
algorithm (MacKay, 2003): only 72 of the 77 interviewed 
firms are considered due to some missing answers. We 
identify four clusters, namely (see Figure 5): 

A. “major steel producers”, consisting of 26 firms, 
most of which are mid- to large-sized and 
manufacture iron alloys; 

B. “small-sized aluminium producers”, consisting of 
14 firms, most of which are small-sized and 
manufacture aluminium alloys; 

C. “mid-sized steel producers”, consisting of 15 
firms, most of which are small- to medium-sized 
and manufacture iron alloys; 

D. “mid-sized copper producers”, consisting of 17 
firms, most of which are small- to medium-sized 
and manufacture or trade copper alloys. 

To highlight managers’ attitude towards ICT, a lifecycle 
model of ICT is applied to place the four clusters’ centres 
(i.e. the points characterised by the mean ICT penetration 
and investments among firms in each of the four clusters). 
We define such lifecycle model as a 2-by-2 matrix, whose 
elements represent different phases of ICT lifecycle (see 
Figure 6). 

At the beginning of ICT lifecycle, a company is in an 
“entry” state: both ICT penetration and investments are 
low. If the company starts to invest in ICT, it moves 



towards an “investment” state, i.e. ICT penetration is still 
low but ICT investments are higher than before. 

Figure 5. Clusters composition 

 
Figure 6. ICT lifecycle model and relative clusters 

positions 

At this stage, if a company succeeds in implementing ICT, 
it moves towards the “state of the art”, i.e. the company is 
up to date on such technology since both ICT penetration 
and investments are high. If a company fails to implement 
ICT, it moves towards an “inefficiency” state: ICT 
penetration decreases though ICT investments are still 
high. Hence, the company stops investing in ICT and 
therefore moves towards an “inactivity” state where, 
similarly to the “entry” state, both ICT penetration and 
investments are low. 

When a company is at the “state of the art”, it can either 
keep investing in ICT or reduce such investment. If the 
company continues to invest in ICT, it keeps up to date 
on this technology so it does not move from the “state of 
the art”. However, if ICT investments are reduced, the 
company may move towards an “obsolescence” stage, 
where ICT penetration is still high, but ICT investments 
are lower than before. Hence, if the company stops any 
investment in ICT, it moves towards the “inactivity” state. 

At last, if the company is either in the “obsolescence” or 
in the “inactivity” state and resumes ICT investments, it 
goes back to the “investment” state and ICT lifecycle 
restarts. 

After defining the ICT lifecycle model, we calculate the 
mean ICT penetration and investments for each one of 
the four clusters, obtaining the results shown in Table 1. 

Cluster ICT penetration ICT investments 

A 4.6 2.5 
B 1.8 1.9 
C 2.9 2.5 
D 3.4 1.7 

Full-scale 5.0 4.0 

Table 1. Cluster analysis results 

Thus, as shown in Figure 6, major steel producers are in 
the state of the art, whereas mid-sized steel producers are 
moving from the investment state towards the state of the 
art, which means that they are about to catch up with 
larger competitors and be up to date on ICT. 

However, small-sized aluminium producers are either at 
an entry or an inactivity state, since both their ICT 
penetration and investments are lower than the steel 
producers ones. At last, mid-sized copper producers are 
moving towards an obsolescence state, since their ICT 
penetration is good but their ICT investments are quite 
low. 

As a complementary analysis, we investigate whether 
managers’ satisfaction with ICT matches their trust in 
such technology or not. By crossing these parameters, we 
obtain a 2-by-2 matrix (see Figure 7), whose quadrants 
are: 

• “winning managers”, where both trust and 
satisfaction with ICT are high; 

• “cynical managers”, where trust is low but 
satisfaction with ICT is high; 

• “optimist managers”, where trust is high though 
satisfaction with ICT is low; 

• “inactive managers”, where both trust and 
satisfaction with ICT are low. 

 
Figure 7. Subdivision of clusters into managers’ attitude 

towards ICT 



After placing the 4 clusters, it’s clear that a high 
satisfaction with ICT almost always matches a high trust 
in ICT, although some managers are either cynical or 
optimistic about such technology. 

7. Conclusions 

The purpose of this survey is to analyse ICT diffusion in 
the Italian metal sector, collect managers’ judgements on 
ICT outcomes and infer managers’ attitude towards ICT. 

Our analyses show that only Enterprise Resource 
Planning (ERP) and Cost Accounting (CA) systems are 
highly diffused in the Italian metal sector, whereas 
Business Intelligence (BI), Customer Relationship 
Management (CRM) and Workflow Management (WM) 
systems are the least diffused and the ones which currently 
don’t meet with managers’ interest. Moreover, ICT 
diffusion increases ranging from SMEs to large-sized 
companies. 

Our results also show that most of Italian metal firms rely 
on ICT, although managers are not fully satisfied with 
such technology and planned investments in information 
systems are inadequate to managers’ trust in ICT. 
However, companies which rely heavily on ICT are 
almost always satisfied with using such technology. 

Finally, major steel producers make continuous 
investments in ICT and keep up to date on such 
technology; mid-sized steel producers are about to catch 
up with larger competitors thanks to recent investments in 
ICT; small-sized aluminium producers are inactive since 
they make low investments in ICT; at last, mid-sized 
copper producers risk a technological obsolescence due to 
reduced ICT investments. 
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